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In order to measure time correlation of primary cosmic rays, a network observation of extensive air showers
started in Japan. The network as Large Area Air Shower (LAAS) group consists of nine air-shower-stations (seven
institutes and 26,000 km?) using the Global Positioning System (GPS). We propose an analytical procedure to
extract time-limited fractal structure from time series of arrival time intervals of successive air showers and present

the results of the analysis by using the network data.

1. Introduction

From the viewpoint of studying the mechanism
of formation and acceleration of cosmic rays, time
correlations of primaries are of great interest.
The network observation of extensive air show-
ers started in Japan to measure such correlations.
The network as Large Area Air Shower (LAAS)
group consists of nine air-shower-stations (seven
institutes and 26,000 km?) using the GPS, Global
Positioning System [1,2]. We present up-to-date
analyses of air showers by using the network data:
the first is the analysis of arrival time correlation
within a very short time window; the second is
the extraction time-limited fractal structure from
time series of successive air shower arrival time

intervals (from now on called ASATIs). The for-
mer, that is the observation of time correlations
in cosmic rays, was reported by O.Carrel and
M. Martin [3] : a set of four detectors enclosing
an area of 5,000 km? was used for 234 days. The
latter, several analyses of fractal structure, were
reported in [4-8].

2. Network

The network observation of extensive air show-
ers as Large Area Air Shower (LAAS) group con-
sists of nine air-shower-stations (seven institutes
and 26,000 km?) using the GPS, Global Posi-
tioning System, which enable us to record arrival
times of showers with accuracy of 1 us. The ob-
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Table |
Basic characteristics of each station of the network. . .

Okayama Okayama Kinki Nara Hirosaki
station Univ. Univ. Univ. Univ. Univ.

of Science
(OKA) (OKR) (KNK) (NAR) (HRS)
Distance (km) _ _
from OKA 0 1 160 167 870
from IKNNK 160 160 0 11 790
No. of Detector 8 4 8 4 7 )
Operating 12 Sep. 96 31 Jul.95 14 Nov. 97 14 May 93 10 Jul. 96 1 May 98
period ~ ~ — — N —
14 Nov. 97

‘Trigger rate .
(/day) 604 765 318 457 299 583
Angular 6 4.7 4.2 2.8 5.7 2.8 -
resolution ¢ 13.8 12.5 9.0 12.9 9.6 -

(Edegree)

served data of five stations were analyzed. The
five stations are : Okayama University, OKA;
Okayama University of Science, OKR; Kinki Uni-
versity, IKNK: Nara Industrial University, NAR,;
Hirosaki University, HRS. The basic characteris-
tics of the five stations are tabulated in Table 1.

3. Data analysis

3.1. Time correlation analysis

A comparison of time differences of air shower
arrival time for each two stations was performed.
The combinations are : OKA-OKR (distance,
I ki), OKA-KNK (160 km), OKA-NAR (167
km}, OKR-KNK (160 km}), OKR-NAR (167 km),
KINK-NAR (11 km), OKA-HRS (870 km). The
closest events (time difference less than 300 us)
are sumrinarized in Table 2. We calculated their
chance probabilities and appearance terms, in
which the event can be got by chance once. In
Table 2, the events with very short time differ-
ences are the following (for each, the event num-
ber, the considered two stations, the time differ-
ence {ps), the chance probability, the appearance
term (vear) are indicated) :

(1v) Nara-Okayama, 47, 0.069, 14,
(111} Okayama.Sci-Okayama, 86, 0.31. 3,
(vi) Okayama-Nara, 106, 0.156, 6,

(i) Okayama.Sci-Okayama, 116, 0.41, 2,
(v) Okayama.Sci-Okayama, 131, 0.12, 5.

Among them, (iv) is the shortest time differ-
ence event; moreover, it has similar shower angles
(see Table 2), especially, zenith angles are consis-
tent within angular resolution.

3.2. Fractal analysis

The fractal dimension analysis introduced by
P.Grassberger and I.Procaccia {9] was applied to
the time sequences of air shower arrival time in-
tervals (ASATIs) to search for chaotic features of
air showers with primary energy E > 3 x 104
eV. The application for digital data of ASATIs
was reported by S.Ohara et al. [10] and in detail
by T Kitamura et al. [7]. We analyzed ASATIs
observed in Nara Industrial Univ. (NAR), Kinki
Univ. (KNK) and Okayama Univ. (OKA) from
September 1996 to May 1998. In November 1997,
chaotic ASATIs were found in three stations of
network. The durations of the effect are esti-

mated as follows in universal time and Fractal
Dimension (FD) :

Kinki: 11th 10:58 - 12¢h 03:33 FD=3.9

Nara: 12th 19:30 - 13th 19:32 FD=4.7,
14th 02:29 - 14th 22:55 FD=4.9

Okayama: 12th 05:41 - 12¢th 17:30 FD=4.3,






